Study on the properties of the coupling constants of J/ip — > VP decays 
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Basing on the branching fractions of J/ip — > VP from different experiments, we investigate on the 
properties of the coupling constants of J/ip — ¥ VP decays with a model-dependent approach. We 
find that the octet coupling constant, g$, of strong interaction is about twice larger than that of the 
singlet coupling constant g\\ the electromagnetic breaking parameters g l E are larger than the mass 
breaking parameters g l M , moreover, the three parameters of electromagnetic effect are about equal, 
but the three parameters of mass effect are obviously different and their uncertainties are also large; 
and the phase angle between strong and electromagnetic interaction is in the range of 70° ~ 80°. It 
deepens our understanding of the coupling constant of J/tp — >• VP decays. 

PACS numbers: 14.40.Lb, 13.25.Ft 



I. INTRODUCTION 

The J/ip decays play an important role in the under- 
standing of low-energy hadron dynamics. A particular 
advantage of these decays is that the initial state is a 
very good approximation of a flavor-Sf/(3) singlet. In 
order to estimate that 5(7(3) is an approximate symme- 
try of low-energy hadron interactions, we need study in 
detail of the information on the final-state particles of 
J/ip decay. 

The implication of SU(3) symmetry to J/ip decays into 
mesons has been studied [l( . J/ip can decay into a vector 
and a pseudoscalar induced by three-gluon annihilation 
and electromagnetic processes. However, these branching 
ratios are only of the order 10 -3 since the hadronic decays 
of J/ip are suppressed by the Okubo-Zweig-Iizuka (OZI) 
rule 0. 

Based on the SU(3) symmetry, three quarks may make 
up an octet and one singlet. Because the mass of s 
quark is larger than those of u and d quarks and the 
mixing in the mesons exists, it will cause SU(3) breaking 
and further create a physical nonet. The octet and sin- 
glet are the eigenstates of SU(3) group, however, what 
we can obverse in experiment are not SU (3) eigenstates 
themselves, but their mixing. For example, for the pseu- 
doscalar mesons, if pseudoscalar glueballs and radially 
excited states are ignored and only quark states are con- 
sidered, then the physical states rj and rf are related to 



rf and 77°, via the usual mixing formulas 



cosOp — snxOp 
sm6 p cosQ p 



if 



(1) 



where 9p is the mixing angle between rf and 77 . Simi- 
larly, for the vector mesons (p and ui, we have 



cosfV —sinOv 
sm8v cosOv 



(2) 



where 6v is the mixing angle between w 8 and ui°. 

For vector mesons, the mixing between w 8 and cu° is 
basically an idea mixing, sinOy = \/l/3, cos#y = ^/2/3, 
i. e. 9y « 35.3°, so in this case we have 



(3) 



However, for pseudoscalar mesons, it always brings peo- 
ple great interesting to discuss the mixing between rf 
and t?° (3-[I3. 

Combining the mixings in vector mesons and pseu- 
doscalar mesons and considering the various mass effects 
and electromagnetic effects, in this paper we shall analyse 
the properties of the coupling constants of J/ip — > VP 
decay, which is very important to comprehend the break- 
ing of SU (3) flavor symmetry. 



II. PHENOMENOLOGICAL STUDY ON THE 
DECAYS J/ip -> VP 
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A. Effective Lagrangian of J/tp — >• VP 

For the two-body decays J/ip —> H1H2, where Hi and 
H2 denote mesons, the most general interaction term in 



2 



an SU (3) invariant is @ 



(4) 



where O and S 1 denote an octet and a singlet, respectively, 
and a sum over a = 1, 2, • • • , 8 is implied. 

The SU (3) symmetry in the nonet of pseudoscalar me- 
son is not strict, two types of SU(3) breaking should 
be considered. The first one is induced by the different 
mass of quark, and the other one is the different charge 
of quark. 

In our theoretical calculation, m u = md is usually as- 
sumed, but m s 7^ this difference of mass will cause 
the breaking effect on SU{3) symmetry 

m d (uu + dd) + m s ss = m qq + —={m<i - Tn s )q\ s q, (5) 

V3 

where q = (u, d, s), mo = ^(2md + m s ) is the aver- 
age quark mass, and As is the eighth one of Gell-Mann 
matrices. The last term in Eq. (5) is the mass effects 
of violating SU(3) invariance. We need introduce a new 
spurion M a — S a8 to describe this SU(3) breaking term. 

The electromagnetic effects violate SU(3) symmetry 
since the photon coupling to quarks is proportional to 
the electric charge 

^7 M u - -d^d ~ is7 M s = ^57^(^3 + "^ A s)9' ( 6 ) 

where A3 and Ag denote the third and eighth of Gell- 
Mann matrices, respectively. It follows from Eq. (6) 
that the electromagnetic breaking can be simulated by a 
spurion E = S a3 + -^S a8 . 

After the above two effects of SU(3) breaking are con- 
sidered, the effective Lagrangian of J/ip — > H\Hi process 
can be written Q 

£ cf f = Ag^O* + 5l 5!5 2 + gsda^OIOlOl 



C123O1O2S3 



+9AfabcO a 1 O b 2 C 3 - 
+C132O" O3S2 + C 2 3l0 2 3 Si + f S1S2S3 



(7) 



If the final states of J/tj} — > HiH 2 decays are a vector 
and a pseudoscalar, the expression of the above effective 
Lagrangian can be further written as 



C cS = g 8 P?V 2 a + gi P V + g^d abc O^O° 2 MI 



g 8 )O a 1 M«S 2 +g) 8 O a 2 M«S l 



xO b 2 E c 3 + 



g E 1 O a 1 E«S 2 +g 1 E s 2 <E«S 1 



, (8) 



in which g% and g\ denote the coupling constants of octet 
and singlet, g l M and g l E are the coupling constants of the 



mass breaking term and electromagnetic breaking term, 
respectively, f a bc and d a b c coefficients are the antisym- 
metrical and symmetrical structure constants of SU(3) 
group. 



B 



Decay amplitude and width of J/ip VP decays 

The physical particles in correspondence with the pseu- 
doscalar and vector mesons are 



Pi 




h 7T ), 
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" > + 
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and 



Vx = 






v 2 = 




P~), 


v 3 = 






v 4 = 




+ K-), 
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>* + 


-K*-), 


v 6 = 
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Vi = 




-n 
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(p cos Oy - 


- u> sin Oy , 


V = 


— 0sin Oy 


+ UJ COS Oy 



(10) 

then we calculate in detail on the effective Lagrangian of 
J/ip — > VP decays 

Pi a V 2 = P 1 V 1 + P 2 V 2 + P 3 V 3 + P 4 V 4 + P 5 V 5 
+P 6 V 6 + P 7 V 7 + P 8 V 8 
= ir + p- +tt- P + + ir°p° +K+K*- 
+K-K*+ + K°K*° + K°K*° 
+r]ujcosOpsm0v + T](pcos9pcos6y 
+r}'ojs'mOpsmOy + rj'cpsmOpcosdy, (11) 
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Si 52 = PV = —rjUJsmQ pcosOy + rj(f>sm6 pshiOv 

+r]'uicos0pcos8v — T)'<frcos6psm6v, (12) 



d ahc O\0\Ml 



d abS P a V b = d 118 P 1 V 1 + d 228 P 2 V 2 
+d 338 P 3 V 3 + d i48 P 4 V 4 + d 558 P 5 V 5 
+d 668 P 6 V (i + d 778 P 7 V 7 + d 888 P 8 V 8 



1 










-1 r 


2^3 L' 







K + K* 



K~K* 



-1 

71 



i]ujcos8psm8v 

+ij<pcos9pcosdv + T]'cjsin6psm6v 
+r]'4>sm8pcos9v , (13) 



OlM^S 2 = P*V V = 7iujcos9pcos6 v - r^4>cos9 P sin9 v 
+r]' ujsin9 pcos9y — rj'(f>sm9psm9v, (14) 



0%M$Sx = P U V 8 = -?7u;sin(9psin6V - r)(f>svad P cosd v 
+r/ujcos9psm9v + rj'faosOpcosOv, (15) 



d ab3 P a V b = d 383 P 3 V 8 + d 833 P 8 V 3 + d 4i3 P 4 V 4 



+d 553 P 5 V 5 + d 663 P 6 V 6 + d 773 P 7 V 7 



7T ui\/ — s'mOv + 



-COS#y 



-K+K*- + -K~K*~ 
2 2 

2 2 



(16) 



therefore we obtain the coupling constants and their cor- 
responding strengths of J/ip — > PV decays given in Table 
1. It should be noted that our results are consistent with 
Ref. [2j , but we distinguish in detail the different param- 
eters of mass effect and electromagnetic effect. 
The amplitude of J/ip — > VP decays is 



KA - 9j>VP a u p *a 



(22) 



where g^vp is the coupling constant and its various ex- 
pressions are tabulated in Table 1, so we have 




sv 



m % + m V ~ m P 



2 2 



= gl5^vp| P , 



(23) 



in which p is the momenta of vector meson in the cm. 
frame, and can be denoted as 



P= \P\ 



m % ~ ( m v + rap) 2 m 2 ,, — (my — m P y 



2m 



(24) 

The differential decay rate for J/tp — » VP can be writ- 
ten as 



dr 



J- p_ 

32^ 2 ml 



\M\ 2 dQ, 



(25) 



so we have the total decay width 
1 P 



32tt 2 ml 



= 14%^. (26) 



3 ml 47r 



d abc OlO b 2 E c 3 = d ab3 P a V b + —d ab8 P a V b , (17) 



0\ l E e 3 l S-> = P 3 V Q + -^=P 8 V°, 



P 3 V° = vr° (wcos<V ~ 0sin6V) 



1 



OSKSi = V 6 P U + -^=V 8 P° 
3 a/3 



V 3 P° = p° (-rjsm9 P +r/cos6» P ) 



(18) 



(19) 
(20) 



-?7p sin6»p + 7]'p°cos9p, (21) 



III. NUMERICAL ANALYSIS AND 
DISCUSSIONS 

In Table 1, we give out the free parameters involved 
in the decays J/ip — > PV. In these parameters, gff, 
g 8 j and g\ 8 denote the SU(3) mass breaking terms in- 
duced by the different quark mass, g^ 1 and g]f de- 
note the SU(3) electromagnetic terms induced by the 
different quark electric charge. There is a phase angle, 
noted by 5e, between electromagnetic and strong inter- 
action. We can take the coupling constants of mass effect 
as real, and denote the coupling constants of electromag- 
netic effect with g l E = \g l E \e SB . Therefore there are eleven 
free parameters in the decays J/?p —> PV, they are g 8 , 
9i, 9m, 9m, 9m, \9e I, \9e\, \9e\, 6 e, p and 9 V . For the 
sake of simplicity, we shall take the following four cases to 
analyze and discuss the properties of these parameters: 

Case I: Assuming g 8 ^ = g 8 M = g$ = g M , g 8 £ = gf = 
g]£ — gE, and taking the mixing between 4> and lu regard 
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Table 1 The coupling constants and their corresponding strengths of J/ip — > PV. 
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as idea mixing, i.e., Oy ~ 35.3°. In this case, there are 
only six parameters, they are gs, gi, gu, \9e\, $e and 
dp- 

Case II: Assuming gf t = gfj = gf t = g M , gf = gf = 
g 1 ^ = gE, but taking the mixing angle Oy regard as free. 
In this case, the parameters have seven which are gs, gi, 
9M, \9e\, &e, p , Oy respectively. 

Case III: Assuming the three parameters of mass ef- 
fects aren't equal, and the three parameters of electro- 
magnetic effects aren't equal, either, they are all free pa- 
rameters, but taking Oy w 35.3°, then we shall have 10 
parameters: g 8 , gi, tfff, g 8 M, gj%, \gf\, \gf\, |flif|, S E , 
and Op. 

Case IV: Assuming the three parameters of mass ef- 
fects aren't equal, and the three parameters of electro- 
magnetic effects aren't equal, either, further taking the 
mixing angle Oy as free in the same, then all of the eleven 
parameters are free. 

For the latter two cases, we have to request more ex- 
perimental information to analyze them due to too many 
parameters. 

The experimental results for the decays Jji\) — > PV 
are mainly from Mark-Ill [TlJ], DM2 Q3] and BES QJ]- 
14], which are shown in Table 2. The last column in this 
table is the latest world average in 2012 [1]. To clarify 
the results obtained from different data set, we divided 
them into three subsections to investigate the properties 
of the coupling constants of the decays J/ip —> PV. 

A. Analysis of J/ip -> VP from Marklll, DM2 and 
PDG2012 data in Case I 

First, we consider the simplest case, i.e., Case I. In 
Ref. [l5|, the pseudoscalar mixing in J/ip and ip(2S) de- 



cays has been analyzed, which shows r\ favors only consist 
of light quarks and rj has a room for gluonium admix- 
ture. However, in this paper we shall only consider their 
quark content in order to analyze the properties of cou- 
pling constants from ST/ (3) breaking. The results of fit 
are given in Table 3. From this table, we can obtain the 
following results: (i) the coupling constant of the octet 
strong interaction, gs, is about twice larger than that one 
of the singlet, g\\ (ii) the SU(3) breaking coupling con- 
stant from electromagnetic effect is large, about the same 
order of gs and g\, however, the SU(2>) breaking coupling 
constant from mass effect is rather small, about smaller 
one order than those of gs and g±, moreover its uncer- 
tainty is also very large; (iii) the phase angle between 
strong and electromagnetic interaction is about |7r; (iv) 
the mixing angle in 77 and rf , Op, is about —20°, which is 
consistent with the reasonable range —20° ~ — 10° [ll|; 
and (v) compared with the results of Marklll and DM2 
data, the goodness of fit to PDG2012 data is very large. 



B. Analysis of J/ip -)■ VP from Marklll, DM2 and 
PDG2012 data in Case II 



Next, we consider case II, i.e., u — (p mixing angle is 
left as a free parameter. The results of fit are listed in 
Table 4. From this table, we can see that, the results of 
this case is similarly those of Case I only, but the results 
of fit to Marklll data, Op = —15.2 ± 2.93 are obvious 
difference with those of Case I. The table also shows that 
the mixing in to and <p is basically an idea mixing. 
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Table 2 Branching fractions of J/tp -> VP from Marklll, DM2, BES and PDG2012 (xlCT 3 ). 

Decay modes Marklll DM2 BES PDG2012 

Jot 14.2 ±0.1 ±1.9 13.2 ±2.0 21.8 ± 0.05 ± 2.01 16.9 ± 1.5 

pr) 0.193 ±0.013 ±0.029 0.194 ± 0.017 ± 0.029 0.193 ±0.023 

pr)' 0.114 ±0.014 ±0.016 0.083 ±0.030 ±0.012 0.105 ±0.018 
<pn < 0.0068 < 0.0064 < 0.0064 

4>r) 0.661 ±0.045 ±0.078 0.64 ± 0.04 ± 0.11 0.898 ± 0.024 ± 0.089 0.75 ±0.08 

<prj' 0.308 ±0.034 ±0.036 0.41 ± 0.03 ± 0.08 0.546 ± 0.031 ± 0.056 0.40 ± 0.07 

ujtt 0.482 ± 0.019 ± 0.064 0.360 ± 0.028 ± 0.054 0.538 ± 0.012 ± 0.065 0.45 ± 0.05 

wr/ 1.71 ±0.08 ±0.20 1.43 ± 0.10 ± 0.21 2.352 ± 0.273 1.74 ±0.20 

ujti' 0.166 ±0.017 ±0.019 0.18t°'"g ± 0.03 0.226 ± 0.043 0.182 ±0.021 

K*~K+ +c.c. 5.26 ±0.13 ±0.53 4.57 ± 0.17 ± 0.70 5.12 ±0.30 

K*°K° + c.c. 4.33 ±0.12 ±0.45 3.96 ± 0.15 ± 0.60 4.39 ± 0.31 



Table 3 Results of fit to Marklll, DM2 and PDG2012 data in Case I. 

Parameter Marklll DM2 PDG2012 

98 (xl0- a ) 5.89 ± 0.18 5.57 ±0.22 5.98 ±0.13 

gi (xl0~ 3 ) 2.72± 0.20 3.12 ±0.40 2.77±0.26 

g M (xl0~ 4 ) 8.08±3.21 5.84 ± 4.22 9.44±2.72 

\g E \ (xl0~ 3 ) 2.11±0.10 1.95±0.11 2.06±0.08 

8 E 71.4 ± 11.5 74.9 ± 17.0 75.8 ± 6.87 

6> P -19.5 ± 1.52 -20.0 ±0.68 -19.0 ±1.59 

X l /d.o.f 7.19/4 3.63/4 19.4/4 



C. Analysis of the branching ratios of J/tp — ¥ VP in 
Case III and IV 

Finally, we consider the latter two cases. There are 10 
and 11 free parameters in Case III and IV, respectively. 
Because each of the experimental results are not suffi- 
cient do a reasonable fit for 10 or 11 free parameters in 
these two cases, we try to figure out these free parameters 
by combining the data from the different collaborations. 
Such as for Case III, the results of fit from Marklll + 
BES data can be written as 

g 8 = (6.57 ±0.16) x 10~ 3 , 

3i = (3.14 ±0.15) x 10~ 3 , 

g% = (18.1 ± 4.01) xHT 4 , 

g 8 M = (5.78 ±4.20) x 10~ 4 , 

g 1 ^ = (3.23 ±0.21) x 10~ 4 , 

| 5 ff| = (1.73 ±0.22) x 10" 3 , 

\g%\ = (2.74 ±0.20) x 10~ 3 , 

|^ 8 | = (2.18 ±0.15) x 10" 3 , 

5 E = 69.5 ± 12.6, 6 P = -19.0 ±3.44. (27) 

we can see that, (i) the coupling constants of strong in- 
teraction, g 8 and gi, are basically consistent with those 
of Case I and Case II; (ii)the difference of three cou- 
pling constants of electromagnetic effect isn't obvious, 
but three coupling constants of mass effect have rather 
large difference, moreover their uncertainties are rather 
large; and (iii) the goodness of fit in this case is very 
large, it is a possible reason that we deal together with 
the data from the different collaborations. 

For Case IV, the results of fit from Marklll and BES 



data are 

58 = (6.57 ±0.16) x 10~ 3 , 

3i = (3.05 ±0.15) x 10~ 3 , 

3«8 = (18.7 ±3.30) x 10~ 4 , 

<$ = (11.0 ±1.47) x 10- 4 , 

3IJ = (7.00 ±0.68) x 10~ 4 , 

|3| 8 | = (1.81 ±0.22) x 10~ 3 , 

|3| 4 | = (2.70 ±0.20) x 10~ 3 , 

\9e\ = (2.14 ±0.15) x 10- 3 , 

S E = 78.0 ±2.56, 6 P = -18.0 ±0.53, 

6> y =35.9 ±1.47, x 2 /d-o.f = 36.1/5. (28) 

This case is similar to Case III, the difference of three 
coupling constants of electromagnetic effect isn't still ob- 
vious, three coupling constants of mass effect have rather 
large difference, and at the same time, the phase angle 
between strong and electromagnetic interaction is slightly 
large. 

The results of fit from DM2+BES combination and 
Marklll + DM2 combination, are similar to those of 
Marklll + BES. Their numerical results aren't individu- 
ally given out. 



IV. CONCLUSIONS 

Basing on the general phcnomcnological model, we 
have studied the properties of the coupling constants of 
the decays J/tp — > VP. Considering the experimental 
data of Marklll, DM2 and BES collaborations and the 



6 



Table 4 Results of fit to Marklll, DM2 and PDG20f 2 data in Case II. 

Parameter Marklll DM2 PDG2012 

98 (xlO- a ) 5.87 ± 0.18 5.57 ±0.22 5.99 ±0.13 

Si (xlO- 3 ) 2.84±0.21 3.12±0.42 2.84±0.29 

SM (xlO- 4 ) 5.75± 3.40 5.88 ± 4.84 8.42 ± 3.32 

\g E \ (xlO" 3 ) 2.15±0.10 1.94±0.12 2.07±0.08 

6 E 71.7 ±11.1 74.9 ± 16.9 76.0 ± 6.81 

e P -15.2 ±2.93 -20.1 ±5.06 -17.8 ± 2.68 



41.7 ±3.65 35.4 ±7.27 37.5 ± 3.42 



X A /d.o.f 4.95/3 3.63/3 19.2/3 



world average in 2012 for J/ip — > VP decays, we can find 
that (i) the octet coupling constant of strong interaction 
g% is about twice larger than that of the singlet coupling 
constant g\\ (ii) the electromagnetic breaking terms g E 
are larger, about the same order of gs and g\, the differ- 
ence of three coupling constants g l E isn't obviously, then 
it is appropriate that we take them regard as equal in 
Case I and II; (hi) the ST/ (3) breaking coupling constant 
from mass effect is rather small, about one order smaller 
than those of g% and g\ . Moreover its uncertainty is quite 
large. It is a very strong assumption that we take them 
regard as equal in Case I and II; (iv) the phase angle be- 
tween strong and electromagnetic interaction is about the 
range of 70° ~ 80°; (v) the mixing angle in 77 and 77', 6p, 

is about the range of —15° 20°, which is consistent 

with the reasonable range usually considered; (vi) the 



mixing angle 8y is about the rang of 35° ~ 37°, it means 
the (f> — uj mixing is basically an idea mixing. Therefore 
in the breaking of SU(3) favor symmetry, the electro- 
magnetic effects are large, moreover the mass effects are 
comparatively small, which affords useful information to 
comprehend the breaking of SU (3) flavor symmetry. 
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